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!7IKD-2urUEL TESTS OF S ISC-L.3- AxTD DUAL-HCTAT IITff 
SBAOSOB PE0PEL1E3.3 OF LARGE BLADE WIDTH 
3y David Piemiann, V, H. Gray, and Julian P« llaynard 

SUMMAST 

Test? of 10— foot diameter, single- and dual-rotating 
tractor propellers having from two to eight blades were 
conducted in the ITACA 20-foot propeller-research tunnel of 
the Langley Memorial Aeronautical Laboratory. This work 
vas a continuation of previous invec t igat ions of tractor 
propellers. The test program differed from the previous 
investigations only in the respect that the "blades used 
were 50 percent wider than those previously employed. The 
propellers were mounted at the front end of a streamline 
"body with a symmetrical wing in the slipstream. 

The decrease of peak efficiency with increased solidi- 
ty was very low. Increasing the solidity four times de- 
creased the maximum efficiency by only 6 percent for single 
rotation. The percentage change was even less for dual 
r pi at ion . 

The effects of dual rotation and changes in solidity 
were, in general, the sane as the effects found in previ- 
ous investigations of standard "blades. 

i::tpoductigst 



Recent increases in' airplane engine power and in the 
altitude of flight have made it necessary to provide pro- 
pellers of greater "blade area. These "blade areas can he 
provided by increasing the propeller diameter, the number 
of blades, or the blade width. 

Previous reports (references 1, 2, and 3.) have pre- 
sented the results of tests of propellers having from 2 to 
8 normal-width blades. In references 1 and 2, the results 
were reported for propellers in the tractor position. In 
reference 3 the results were reported for propellers in the 



pusher -oosition. The present report presents results of 
tests of similar single^ and dual-rotating tractor pro- 
pellers of 50 percent greater blade width than those 
previously tested. 

APPARATUS A1TD METHODS 



The tests were made in the UACA 2C-foot propeller- 
research wind tunnel with equipment that has been previ- 
ously described in reference 1. A photograph of the test 
set-up is shown in figure 1. Figure 2 is a dimensioned 
plan drawing of the model. 

Pr o -sellers .— The propeller "blades used for the 
present investigation were identical in section, pitch 
distribution, and thickness ratio to the blades used in 
references 1, 2, and 3 but were 50 percent wider, except 
for the transition portion near the shank. The blades 
were made of wood and fitted into steel sleeves machined 
in accordance with 3 AS blade end no. 2 standard. They 
were finished with a white model enamel and rubbed to an 
aerodynamically smooth finish. 

lore identification purposes the blades will be re- 
ferred to as "wide blades" and will be herein designated 
3155-6-1.5 (right-hand) and 3156-6-1.5 (left-hand). The 
plan form and blade-form curves ere given in figure 3 for 
the wide blades as well as for the standard-width 3155-6 
b 1 ad e i 



The two-, three-, and four-blade single-rotating pro- 
pellers were mounted on the rear hub only; whereas the 
six- and eight-blade single- and dual-rotating propellers 
and the four-blade dual-rotating propellers were mounted 
on separate hubs spaced lb inches apart. Angular dis- 
placement between the front and the rear propeller blades 
for the single-rotation condition was the same i or these 
tests as for previous tests on the standard blades. The 
front blade led the rear blade by 85.4° for the four- 
blade propeller, 75.0° for the six-blade propeller, ana 
52.5° for the eight-blade propeller. Reasons for the 
choice of these angles have been given in. reference 3. 

lest condUioiLS..- The maximum tunnel speed (approxi- 
mately no rroh) and the power of the drive motors (two 
25-ln electric motors) resulted in a Reynolds number and 
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a tip speed considerably below those experienced in f light . 
The maximum propeller speed, which was 550 rpm, was oo 
tainable only for the low blade angles and the low range 
of advance-diameter ratios of the tests. The tip speed, 
£ conseauently, was below 300 feet per second ana the eixeot 

to of compressibility could not therefore be measured. *ne 

j Reynolds number of the 0.7b radius section was oi the 

order cf only one and one-half millions. 

The sane angular differences between the right-hand 
and left-hand propeller-blade settings were used for the 
dual-rotation tests with the wide blade as had been used 
with the standard-width blade. The loft-hand (iront) pro- 
peller was set at even values of blade setting ana tne 
right-hand (rear) pr on oil or was set to absorb approximate- 
ly "the same power as the loft-hand propeller for the ^peak- 
efficiency condition only. A plot of the angular differ- 
ence between the front and the rear propeller-blade set- . 
irgs is given in figure 4. The rear propeller was set at 
the same blade angle as the front propeller for the 10 
and the 15° blade angle. The speed of the right -hand pro- 
peller was maintained equal to the speed of the left-hand 
propeller throughout the tests. The tost procedure was 
the same as the procedure used for investigations of ref- 
erences 1, 3, and S. 

BESTJLTS AJTD I IE CUSS 101? 

The measured values have been reduced to the usual 
coefficients of thrust, power, and propulsive efficiency, 

effective thrust 
Cn = ■ 



engine power 



• 3D 5 



V - = c; * nO 



5 / r 5 

C a /— — or 



V/nD 



wh ere 

P power absorbed by propeller, foot-pounds per second 
V airspeed, feet per second 

B propeller rotational speed, revolutions per second 
D propeller diameter , feet 

p mass density of the air, slugs per cubic foot 

The effective thrust is the neasursd thrust of the 
propoller-bcdy combination plus the drag of the body 
measured separately. 

Several comparisons have been made on a basis of the 
activity factor for the propeller unit, expressed as 



Total activity factor 
v/h ere 



B x 



100C5C0 



b 


b Ir.cle w 


idth, feet 




r 


radius 


to any station 


along blade, feet 


R 


radius 


of pr oj: eller , : 


reet 


B 


number 


of "blades 





The figures giving the basic propeller characteris- 
tics are presented in the following table: 



- -T 
3F 1 gar e 


Number 


5 to 8 


o 


9 to 12 


3 


13 to IS 


4 


17 to 31 


4 


22 to 25 


6 


26 to SO 


6 


31 to 34 


8 


35 to 39 


3 



Hot at ion 



s Ingle 
s ingle 
s ingle 

dual 
single 

dual 
s ingle 

dual 



Remarks 



Tested in roar hub 
Do. 
Do. 



Various conparipons rnd design charts are presented 
in figures 40 to 62, as fellows: 



5" i gur e 

40 Effect of dual rotation on efficiency en- 

velopes 

41 Variations in efficiency gain due to dual 

rotation with solidity and V/nD 

42 to 44 Effect of dual rotation on efficiency at 

constant power 

45 Efficiency-envelope comparisons for differ- 

ent solidities 



45 to 52 Effect of solidity on efficiency at constant 
power 



53 Efficiency-envelope comparisons for pro- 

pellers having the sane solidity but a 
different ivanber of "blades 

54 to 55 Effect of number of "blades on efficiency at 

constant power and solidity 

56 to 60 Variation of thrus t-co of f i cient with activity 
factor 



61 Design chart for propellers 3155—3—1.5 and 

olTo-S— 1.5 of different solidities; single 
rot at ion 



62 Design chart for propellers 3155—5—1.5 and 

3156-6-1.5 of different solidities; dual 
rot at ion 



y^Fec-t of dual rotation,- The effects of dual rota- 
tion appear to "be about the sane for ride "blades as noted 
for the standard "blades reported in references 1, 2, and 
3. These effects may be studied closely by referring to 
the basic propeller charact er is t ics given in figures 17 
to 39 wherein results fro:.; the single-rotation tests are 
superimposed on the results frou the dual— rotation tests 
for three representative angle.?.. 
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A comparison of the envelope curves for single- and 
dual— rotating propellers of the sane solidity is given in 
figure 40. The four—Wads dual— rotating propeller -as 
from 1 to 3 percent more efficient than the single-rotat- 
ing propeller; whereas the six-blade propeller pas from . 
3 to 4 percent more efficient. The gain in efficiency 
through dual rotation wan slightly less for the eight- 
"blade propeller than for the six-blade propeller. As 
this result seemed contrary to established trends (see 
figure 41) and also to theoretical considerations, it was 
thought that some of the results might he in error. He- 
peat tests, however, of both the si::- and the eight— "blade 
propellers checked the original tests. 

The gains through dual rotation, for equal solidi- 
ties, were roughly the name for the wide blades (fig. 41 ) 
as for the. standard "blades previously tested. Small 

differences noted are within the experimental accuracy. 

i 

The results of references 1 and 2 have indicated 
that the gains due to dual rotation would he expected to 
he ah out twice as great for the condition with the wing . 
removed as for the condition with the wing in place. 
The gains would also he expected to he greater for the 
pusher position than for the tractor position. (See ref- 
erence 3 . ) 

Since dual— rotating propellers ahsorh slightly more 
power than s ingl e -r o t at £ng propellers, a slightly better 
comparison of the effect of dual rotation on efficiency 
is provided in figures 42 to 44 wherein comparisons are 
made on the basis of constant Op. Ehe gain through dual 
rotation was more pronounced for the take— off and climb— 
ing conditions than for high speed, especially at high 
values of Cp . 

Effect of solidity.- The efficiency envelope curves 
in figure 45, which reprorent a blade efficiency, lead to 
the saue general conclusions as similar curves in refer- 
ences 1 to 3. An increase in solidity due to an increase 
in the numher of blades from two to eight resulted in a 
loss of blade efficiency amounting t o as much as 6 percent 
for single rotation. The difference in efficiency due to 
the change from a si::- to an eight-blade propeller was 
apparently less than the percentage accuracy of testing, 
since the same envelopes were faired through both sets of 
curves. With dual rotation, the loss in "blade efficiency 
due to increased solidity was less in general than for 
single rotation; the less was, however, appreciable. 



It was realizocl that efficiency envelopes "based solely 
on V/nD served as an unfair "basis of comparison for the 
projjeller as a whole "because, for any given value of ad— 
Vance— diameter ratio, the power absorbed was nearly pro- 
portional to the number of "blades. In figures 46 to 52, 
therefore, tho efficiency comparisons for the various 
propellers have "been plotted at certain assumed values of 
the power coefficient, For the take— off and climb condi- 
tions, there was an appreciable increase in efficiency 
with increasing number of blades, particularly for the 
higher power coefficients. ."For a propeller designed to 
give the best performance at high speed, sc::ie loss in ef- 
ficiency at high speed is unavoidable if the solidity is 
increased to improve the take— off . 

As a first appr oxinat ion , the effect of increasing 
the solidity may be considered to be the sane whether this 
increase is obtained by varying either the blade width or 
the number of blades. Ilodern theory (references 4 and 5) 
indicates, however, that for a given solidity the effi- 
ciency will increase with the number of blades. The 
present experiments indicate, nevertheless, that the dif- 
ferences in efficiency were small and were, in general, 
within the experimental error. (See figs, 5 r 6 to 55.) 

The problem often arises in design work of correct- 
ing propell er— performance computations for differences in 
activity factor between the propeller that is being used 
and the propeller for which test results are available. 
In order to facilitate such corrections, plots cf Cj 

against activity factor for constant values of Cp are 
included for several values of 7/nD. (See figs. 56 to 
60.) The plot for V/iiD ~ 0 is not included because the 
results from static thrust tests are not yet available. 

The results for both standard and wide blades, which 
are included, allow a fairly accurate estimate of the ef- 
fect cf changes in activity factor on thrust. The results 
for wide blades agree fairly well with the results for the 
standard blades except in the stalling range, where the 
wide blades exhibit a higher thrust for a given power co~ 
ef f ici ent . 

Composi te C s char t£. In figure 61 is presented a 

composite of the envelops of C s charts for single- 
rotating propellers and in figure 62, a composite for dual- 
rotating propellers. The figures may serve as an aid in 
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preliminary design for the selection of a suitaole pro- 
pellet and should be used in conjunction with a speea- 
advance-diameter ratio chart, such as figure 08 of ref er- 
ence 3, from which a value of 7 /nD may oe^ found for the 
limiting tin speed. Efficiencies and diameters may be 
determined for several solidities from the composites 
These charts provide a measure of the relative diameter of 
different propellers having a different number of WaOee 
as well as" a comparison of the efficiency of propellers 
selected on a basis of • C s , irrespective of the diameter. 



C0ITCITJSIC1T3 

1 She maximum efficiency for extremely high solidi- 
ty propellers was relatively high. A propeller having a 
total activity factor of 1076 had a maximum efficiency of 
83 percent for single rotation and 85 percent 1 or dua_ 
rotation, as compared with 86 percent for a conventional 
three-blade propeller having an activity faotOJJ Ox 369, 

2 She general effects of dual rotation found in 
this investigation of wile-blade propellers differed 
little from the effects found in previous reports on stand- 
ard-blade propellers. These effects are summarized as 

f ollows : 

(a) Dual-rotating propellers absorbed substantially _ 

more nower for the p eah-ef f iciency condi- 
tion than single-rotating propellers of the 
same solidity; the effect was even more pro- 
nounced for the take-Off and climb conditions. 

(b) Dual-rotating propellers were found to be sub- 

stantially more efficient for the take-off 
and climbing conditions of flight than the 
single-rotating propellers, particularly for 
operation at high power coefficients. 

3. The general effects of changes in number of blades 
found in this investigation of wide-blade propellers agree 
with results of investigations on standard-blade propel- 
lers. These effects are summarized as follows: 

(a) The neak blade efficiency was found to decrease 
with increased number of blades; this eifect . 
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was more pronounced for single-rotating pro- 
pellers than for dual-r ct at ing propellers. 

The efficiency for the take-off and climbing 
conditions increased sufcetant tally with in- 
creased number Of "blades for constant power 
input with a Blight loss at the high-speed 
condit ion . 

4. The peak efficiency for a four— "blade single- or 
dual-rotating propeller was found to differ from a six- 
blade propeller of the sane solidity by not more than 1 
or 2 per cent . 
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loure £r Plan view showing dimensional details oi w/V/p and nocel/e. 



L-.385 




Figure 3.- Plan 
f orm 
and blade-form 
curves for pro- 
oellers 3155-6 
and 3155-6-1.5 
blade-form 
curves, except 
b/D, are iden- 
tical for the 
two propellers. 
Symbols are: 
D, diameter; 
R, radius to 
the tip; 
r, station 
radius • 

b, section chord; 
h, section 
thickness; 
p, geometric 
pitch. 
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Figure 4. -Dif f erence in blade angle at 0.75R 
for equal torque at peak efficiency. 
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0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 52 5.4 01 

V/nD 

Figure 5.- Thrust-coefficient curves for two-blade single-rotating propeller. 
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V/nD 

Figure 6.- Power-coefficient curves for two-blade single-rotating propeller. 
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Figure 8.- Design chart for propeller 3155-6-1.5; two blades. 
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Figure 10. Power-coefficient curves for three-blade &ingj.e -rotating propeller. 



Figs. 11,12 




V/nD 

Figure 11.- Efficiency curves for three-blade single-rotating propeller. 




.4 .8 1.2 1.6 2.0 2.4 28 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 
Figure 12.- Design chart for propeller . 7 lb5-6-l .5; three blades. 
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Figure 14.- Power-coefficient curves for four-blade single-rotating propeller. 




0 .4 .8 1.2 J.6 2.0 2.4 28 3.2 3.6 4.0 4.4 4.8 5.2 56 60 64 68 72 

V/nD 

Figare lb.- Ef ficiency curves for four-blade single-rotating propeller. 




Figure 16.- Design chart for propeller 3155-6-1.5; four blade; single rotation. 
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V/nD 

Figure 17.- Thrust -coefficient curves for four-blade dual-rotating propeller, showing superimposed curves for 30°, 45°, and 60° single rotation. 
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Figure 18.- Power-coefficient curves for four-blade dual -rotating propeller, showing superimposed curves for 30°, 45°, and 60° single rotation 




0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 

V/nD 

Figure 19.- Individual power-coefficient curves for four-blade dual-rotating propeller. 



Figs. 20, 21 



oo 
I 




0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 48 5.2 5.6 60 6.4 

V/nD 

Figure 20.- Efficiency curves for four-blade dual-rotating propeller, showing curve? for 
30°, 45°, and 60° sing! ft rotation^ 
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.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 
Figure 21.- Design chart for propellers 3155-6-1.5 (R.H.) and 7156-6-1.5 (L.F.), four blade dual r 
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Figure 22.- Thrust-coefficient curves for six-blade single-rotating propeller. 
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Figure 23.- Power-coefficient curves for six-blade single-rotating propeller. 
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Figs. 24,25 
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Figure 24.- Efficiency curve? for six-blade single-rotating propeller. 
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0 .4 .8 1.2 1.6 2.0 2.4 28 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 68 72 
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Figure 25.- Design chart for propeller 7155-6-1.5; six blades; single rotation. 



L-385 




-6 .8 1.0 1.2 1.4 I. 
26.- Thrust-coefficient curves for si 



x-blade dual-rotating propeller, showing superimposed curves for 30°, 45°, and 60° single rotati 
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Figure 27.- Power-coefficient curves for six-blade dual-rotating propeller, showing superimposed curves for 30°, 45°, and 60° single rotation. 
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Figure 28.- Individual power-coefficient curves for six-blade dual-rotating propeller. 




0 .4 .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 

V/nD 

Figure 29.- Efficiency curves for Fix-blade dual-rotating propeller, showing suoer imposed curves for 
30°, 45°, and 60° single rotation. 




Figure 30.- Design chart for propellers 3155-6-1.5 (R.H.) and 3156-6-1.5 U.H.); six blade; dual rotati 
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VJnD 

Figure 31.- Thrust-coefficient curves for eight-blade single-rotating propeller. 
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Figure 32.- Power-coefficient curves for eight-blade single-rotating proDeller. 
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VjnD 

Figure 3b.- Thrust-coefficient curve? for eight-blade dual-rotating prooeller, showinr superirroosed curve? for 30°, 45°, and 60° single rotation. 
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Figure 37.- Individual power-coefficient curves for eight-bl?>de dual-rotating propeller. 




0 .4 .8 1.2 /.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 60 6.4 6.8 7.2 

V/nD 

Figure 58.- Efficiency curve? for eight-blade dual -rotating propeller, showing superimposed curve? for 
30°, 45°, and 60° single rotation. 




Figure 39.- Design chart for propellers ?155-6-1.5 (R.H. ) and 3156-6-1.5 (L.H.); eight blade; du^l rotati 
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Figure 41.- Variations in the efficiency gain due to dual rotation with solidity and V/nD. 
With wing. 
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V/nD 

(42) Four-blade propeller (43) Six-blade prooeller (44) Eight-blade oropeller 

Figures 42, 43, and 44.- Effect of dual rotation on efficiency for pronellers at constant power. 
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V/nD 

(a) Single rotation (b) Dual rotation 

Figure 45.- Efficiency envelope comparisons for different solidities. 
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Figs. 48,49,50 
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V/nD 

(48) C p = 0.6 (49) C P = 0.8 (50) Cp = 1.0 

Figures 48, 49, and 50.- Effect of solidity on efficiency for single rotation at constant Cp. 



Fig. 53 




4 blade single (wide) 
6 " " (standard) 




4 blade dual (wide) 

6 " (standard) 
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A .8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 

(a) Circle rotation V ^ nD (b) Du?l rotation 

Figure 5?.- Efficiency envelope? for nro^eller? having the Fame solidity but 
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different number of blades. 
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Figs. 54,55 
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Figure 54.- Comparison of efficiencies at constant power for <nn<~le rotating propellers 
having the same solidities but different number of blades. 
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Figure 55.- Comparison of efficiencies at constant power for dual rotating propellers 
having the same solidities but different number of blades. 
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Figure 56.- Variation of thrupt coefficient with nctivitv factor. 
V/nD = 1.0. 
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Figure 57.- Variation of thrust coefficient with activity factor. 
V/nD = 2.0. 
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Figure 58.- Variation of thrust coefficient with activity factor. 
V/nD = 3.0. 
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Figures 59 and 
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